Abstract-Hospitals and medical centers produce a tremendous amount of sequential images for medical examinations such as MRI, CT and Fluoroscopy. This series of images takes up a large amount of storage space, in addition to the cost and time incurred during transmission. For medical data, lossless compression is preferable to the greater gains of lossy compression, in the interest of reliability. This paper proposes a new method for lossless compression of pharynx and esophagus fluoroscopy images, depending on correlation and combination of Run Length and Huffman. Otherwise, the shifted images moved to a shifted group and compress separately. From the experimental results obtained, the proposed method achieved improved performance with a compression ratio of 12.2 for the proposed combination of Run-length and Huffman coding (R. Huff) on the difference images as compared to 1.35 for the standard method.
I. INTRODUCTION
In the last decade medical images have been tremendously increased in terms of generation, transmission and storage. This has brought the obsession of many researchers in developing approaches for compressing medical images.
Compression techniques can be split into two main categories: lossy and lossless. Lossy compression reduces the accuracy of medical images, and doctors need accurate information to diagnose the case of the patient. For that reason, researchers have concentrated on lossless compression for medical applications [1] .
Medical images can be classified into two main models: single and sequential images. One of the famous types of single image is X-ray, while sequential images include Computed Tomography (CT), Magnetic Resonance Imaging (MRI) and Fluoroscopy. By applying different categories of compression methods, it has seen found that good results could be gained in lossless compression [2] .
Fluoroscopy is a special type of X-ray that provides continuous X-ray images of a patient's organ structures in real-time. It is used in many types of examinations and procedures, such as cardiac catheterization, Percutaneous Nephrostomy (PCN), Barium Swallow, and others [3] .
The correlation coefficient (CC) is one of the most common similarity measures, and it helps highlight changes. CC measures the dependences existing between two quantities, and it has been used to express the quality of a least squares fitting of the sequence of images [4] . Manuscript The longstanding popular methods for lossless compression include Huffman and Run Length Encoding (RLE). Huffman coding is a variable length coding that assigns longer codes to symbols with low probabilities and short bit code to those symbols with higher possibilities. This coding scheme is efficient to compress differential data [5] . The RLE is one of the most popular and simplest methods that applied to code the repeated data or code pattern in a single code [6] .
The combination of the two effective compression methods RLE and Huffman was proposed to reduce the data volume, pattern delivery time, and save power in scan applications [7] . In medical images, the combination of Run Length and Huffman Coding was implemented on MRI images and X-ray angiograms, to achieve maximum compression [8] . The same combination of Run Length and Huffman coding was implemented for color images after quantization and threshoding the DWT coefficients good results were obtained in [9] .
In our recent work, we have performed lossless compression of Fluoroscopy medical images using correlation and Huffman coding (HM-D) [10] . The proposed method achieved compression ratio of 7.97. We extend the work to include the combination of Huffman and Run-length coding. Specifically, we propose a new framework for lossless medical image compression based on classifying the images depending on correlation and coding the difference between sequential images using the combination of Run Length and Huffman coding. The extended method achieved compression ratio of 11.41 [11] . In this paper, we expand the work to enhance the compression ratio by testing the two sequential images to examine the shifting existence. This is to ensure that our proposed method is robust to the shifting cases. To the best of our knowledge, there are no other published works employing this technique in the context of medical image compression.
II. EXPERIMENTAL WORK
Identifying and extracting accurately the ROI is an essential step before coding and compressing the image data for efficient transition or storage. By using different spatial regions and identifying the region of interest of the image, it is possible to compress it into different levels of reconstruction quality. Images can be classified into three regions: (1) Primary region of interest (PROI), (2) Secondary region of interest (SROI) and (3) background [12] . This way, one could accurately maintain the features needed for medical diagnosis or scientific measurement, while achieving high overall compression by allowing degeneration of data in the unimportant regions [13] .
The correlation was determined by the variance and co-variance, where the variance is measured for a dimension with itself, while the covariance is measured between two dimensions. The formula of variance (Var) and co-variance (Cov) are given as follows [14] :
where and are the means of X and Y respectively, and R is the correlation between X and Y. To calculate the similarity between the orginal image and the reconstructed image, the correlation coefficient (CC) is calculated as follows:
where
is the average value of the pixels in w, is the average value of f (intensity function) in the region coincident with the current location of w, and the summations are taken over the coordinates common to both f and w, and M ×N is the size of the original image. The CC is scaled in the range (-1 to 1), independent of scale changes in the amplitude of f and w [15] .
III. PROPOSED METHOD
The proposed method is divided into three main phases: the first is classification, the second is preprocessing and the final phase is encoding. To restore the series of images, the process is reversed. 
A. Classification
Depending on the morphology of the Fluoroscopy images, we need to classify the images of each patient into groups depending on the angle of capture. So, the first step in classification is to generate a group, keeping the first image as a reference image and comparing the other images with it by calculating the CC. This step produces up to three groups for each patient. Duplicated images, including the ones in which the patient moves a little bit, and the radiographer moves, are moved to a shifted group. The vital part in esophagus fluoroscopy images is following the liquid inside the body of the patient. Fig. 3 summarizes the process. 
B. Preprocessing
The preprocessing phase can be summarized as follows: 
1) B-1 remove the black areas
Depending on the aspect of the fluoroscopy images, there are four black corners in each image. By locating the center of the image and calculating the distance from the center to the edge of the image, we can draw a circle that contains the actual data from the fluoroscopy device.
2) B-2 remove the white area
Depending on the aspect of the fluoroscopy images, there are two white areas in each image. This does not contain any relevant data. Steps B1 -B2 result in the extraction of ROI.
3) B-3 correlation coefficients (CC)
The next step in this phase is calculating the CC. It is an indicator for the compression ratio means where a high CC produces high compression ratio.
4) B-4 compute the difference
Compute the difference between images by subtracting the test image from the reference image, as most images taken from the same view are mostly similar. Therefore, we can use the first image as the base pattern (reference image) and store only the difference results as a vector (see Fig. 4 a) ).
Depending on the circumstance of the shifted group, the steps B3 and B4 cannot be applied on this group because it contain a shifted images and those images do not have any relation between them. Implementing the steps B1 and B2 to extract the ROI and store the images in a vector (see Fig. 4  b) ). 
C. Encoding
The preprocessing (phase B) produces a one dimensional vector. Depending on the structure of the vector data, we can decide the method of coding. The combination of Run Length and Huffman coding is selected because they are based on repetition and the estimated probability of occurrence for each possible value of the source symbol (see Fig. 5 a) ).
Depending on the characteristic of the SH vector the combination of R. Huff did not give a good resutls, for this reson applying Huff encoding gaine a good results( see Fig. 5  b) ). a). Encoding the sequential images. b). Encoding the shifted images. 
IV. RESULTS AND DISCUSSION
Experiments were performed on 114 fluoroscopy images, each of size 512 × 512 pixels and file size of 256KB, to evaluate the validity of the proposed approach. The performance evaluation, in terms of Compression Ratio (CR) depending on the CC, is tabulated in Table 1 . The CC value is calculated as in (4), while the CR is calculated as follows:
where S o = File size of the original image, S d = File size of the difference image. Table I shows the correlation values between the tested and the reference images for a random sample of twenty six images. The higher correlation is correlated with higher redundancy that will give higher compression ratio.
From Table I , it is observed that the proposed method (R. Huff-P) achieved significantly better performance than implementing Huffman coding on the standard images (HM-S), Huffman coding on the difference images (HM-D) and it also performed better than the standard lossless combination (R. Huff-S) compression of the images. For example, images 30 and 31, the standard combination method (R. Huff-S) only produced CR of 1.35. Huffman coding on the standard images (HM-S) gained a CR of 1.15, Huffman coding on the difference images (HM-D) gained a CR of 6.92 but the proposed method (R. Huff-P) implemented based on the CC indications, a CR of 12.2 was achieved for the difference image (30-31). Assuming that image 30 was stored in the standard method, the improvement in CR for storing the vital information of image 31 losslessly improved from 1.35 to 12.2, which is significant 900% improvement. b). After applying the proposed method on the shifted images.
As a comparison in Fig. 6 between a, and b, it is obviously seen that the performance of the R. Huff in some images comes lower than the performance of Huff alone. This reduction in the performance may be caused by the duplicated images that the radiographer may recapture the same image of the same liquid movement, because captured one may has a little bit shifting. This shifting may be caused by a slice motion that may come from the patient or the radiographer himself. To solve this problem, shifted images were isolated in a group to be compressed using Huffman coding only. Preliminary results showed that these images got a compression ratio using Huffman only higher than the same ratio used proposed method. The main idea of the proposed method is the subtraction between two similar images that have a lot equal corresponding pixels and some areas of moving liquid. This similarity results a lot of non-sequential values; Run length utilizes these sequential values. In shifted images, although they have similar view, the corresponding pixels are not equal, which means a lot of non-zero values; in this case, Run Length does not give a high compression ratio, which may affect the total compression ratio of the proposed method. In which Huffman alone gives higher compression ratio than R. Huff.
V. CONCLUSION
In this paper, a new framework for image compression based on grouping the images reliant on the correlation has been proposed. The technique concentrates on the region of interest to code the difference between the groups of images using the combination of Run-length and Huffman coding. The method has achieved significant improvement in compression performance, and indirectly storage and transmission benefits. Our proposed framework is not coding specific, we would like to implement other lossless coding techniques such as Golomb-rice coding in order to further improve the compression performance.
. Fig. 6 . Comparative analysis between Huffman and a combination of Run Length Huffman depending on Correlation before coding the shifted images in the proposed method and after applying the proposed method onto the shifted images.
